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(54) Refrigerant evaporator with refrigerant distribution 

(57) An evaporator (1) has plural tubes (2-5) 
arranged in parallel with each other in a width direction 
perpendicular to an air flowing direction. The tubes are 
further arranged in two rows in the air flowing direction 
(A), and tank portions extending in the width direction . 
are also arranged in the two rows in the air flowing direc- 
tion to correspond to the tubes. A refrigerant inlet (6) 
and a refrigerant outlet (7) are provided in the tank por- 
tions, respectively, at one side end in the width direction, 
so that refrigerant flows through all one-row tubes after 
passing through the other-row tubes. In the evaporator, 
throttle holes (51a-53a) are provided in a distribution 
portion (9b, 12b) of the tank portions, for distributing 
refrigerant, so that a refrigerant distribution within the 
tubes can be arbitrarily set. Thus, air temperature blown 
out from the evaporator can be made uniform. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to an evapora- 
tor of a refrigerant cycle, in which a refrigerant distribu- 
tion can be suitably set. The evaporator is suitable for a 
vehicle air conditioner, for example. 

2. Description of Related Art: 

[0002] A refrigerant evaporator 1 1 0 having refriger- 
ant passages shown in FIG. 19 is proposed in JP-Y2- 
2518259. The refrigerant evaporator 110 has plural 
tubes 100 each of which has two parallel refrigerant 
passages 100a, 100b therein, and first and second 
tanks 101, 102 formed independently from the tubes 
100. One side refrigerant passage 100a communicates 
with the first tank 101, and the other side refrigerant 
passage 1 00b communicates with the second tank 1 02: 
A partition plate (not shown) is provided at a middle 
position of the first tank 1 01 in a tank longitudinal direc- 
tion, so that the first tank 101 is partitioned into an inlet 
tank portion 101a for distributing refrigerant into the 
tubes 1 00 and an outlet tank portion 1 01 b for collecting 
refrigerant from the tubes 1 00. The first tank 1 01 is dis- 
posed at an upstream side from the second tank 102 in 
an air flowing direction A. Further, a refrigerant inlet 1 03 
is provided in the inlet tank portion 101a, and a refriger- 
ant outlet 1 04 is provided in the outlet tank portion 1 01 b. 
The refrigerant passage 100a defines upstream pas- 
sages F1 and F4 provided at an upstream air side, and 
refrigerant passage 100b defines downstream pas- 
sages F2 and F3 provided at a downstream air side. 
[0003] In the evaporator 110, refrigerant from the 
refrigerant inlet 103 flows through refrigerant passages 
in a refrigerant flow direction shown by arrows in FIG. 
19, and is discharged to an outside from the refrigerant 
outlet 104. When gas-liquid two-phase refrigerant flows 
toward the left side within the second tank 102 in FIG. 
19, liquid refrigerant readily flows toward the leftmost 
side within the second tank 102 due to the inertia force 
rather than gas refrigerant. Therefore, a liquid refriger- 
ant ratio becomes higher at a left side of the refrigerant 
passage F3, and the temperature of air blown out from 
the evaporator 110 becomes ununiform. 
[0004] In the conventional refrigerant evaporator 
110, throttle means is provided at the left side of the 
second tank 102 in FIG. 19, so that the quantity of the 
liquid refrigerant flowing toward the leftmost side of the 
second tank 102 is restricted. However, when a flow 
amount of refrigerant is made smaller in the evaporator 
110, refrigerant almost gasified in the refrigerant pas- 
sages F1 , F2 flows into the refrigerant passages F3, F4 
on the left side in FIG. 19, and air passing through the 
tubes 1 00 around the refrigerant passages F3, F4 is dif- 



ficult to be cooled. As a result, in this case, a tempera- 
ture difference of air blown from the evaporator 110 
becomes larger between left and right sides. 

5 SUMMARY OF THE INVENTION 

[0005] In view of foregoing problems, it is an object 
of the present invention to provide an evaporator having 
a uniform temperature distribution of blown-air. 

io [0006] According to the present invention, in a 
refrigerant evaporator, a plurality of tubes are arranged 
in parallel with each other in a width direction perpen- 
dicular to a flow direction of air (outside fluid) and are 
arranged in plural rows in the flow direction of air, and 

15 plural tanks are disposed at both upper and lower ends 
of each tube to have upper tank portions and lower tank 
portions. The tanks are arranged to correspond to the 
arrangement of the tubes in the plural rows in the flow 
direction of air. The tanks have an inlet through which 

20 refrigerant is introduced, and an outlet through which 
refrigerant having passed through the tanks and the 
tubes is discharged. The inlet and the outlet are pro- 
vided at side ends of the tanks in the width direction to 
be positioned at different-row tanks in the flow direction 

25 of air in such a manner that refrigerant introduced from 
the inlet passes all refrigerant passages provided in one 
row where the inlet is positioned, passes through all 
refrigerant passages at adjacent row in order, and flows 
into the refrigerant outlet. In the evaporator, the lower 

30 tank portions has therein a throttle at which a refrigerant 
passage area is reduced. Thus, liquid refrigerant distri- 
bution in the tubes can be adjusted using the throttle, 
and temperature distribution of air blown out from the 
evaporator can be made uniform. 

35 [0007] Preferably, the throttle includes plural throttle 
plates having throttle holes. Therefore, even when 
refrigerant distribution of the tubes in one raw is ununi- 
form, it is possible to offset the ununiform refrigerant 
distribution in a tube-overlapped portion in the flow 

40 direction of air, by suitably setting arrangement posi- 
tions of the throttle plates. 

[0008] More preferably, adjacent tanks adjacent to 
each other in the flow direction of air are partitioned by 
a partition wall, and are provided to communicate with 
45 each other through communication holes provided in 
the partition wall. Therefore, the refrigerant distribution 
of the tubes can be fineiy set using both the ihrottie 
holes and the communication holes. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Additional objects and advantages of the 
present invention will be more readily apparent from the 
following detailed description of preferred embodiments 
55 when taken together with the accompanying drawings, 
in which: 

FIG. 1 is a schematic perspective view showing a 
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refrigerant evaporator according to a first preferred 
embodiment of the present invention; 
FIG. 2 is a schematic perspective view showing a 
lower tank portion of the evaporator according to 
the first embodiment; 5 
FIG. 3 is a graph showing temperature distribution 
of air blown from the evaporator; 
FIG. 4 is a schematic sectional view showing an 
end surface of tank portions according to the first 
embodiment; io 
FIG. 5A is a cross-sectional view showing a tube 
according to the first embodiment, FIG. 5B is a view 
for explaining a tube forming material according to 
the first embodiment, and FIG. 5C is a view for 
explaining an applying state of a brazing material is 
onto a tube-forming member according to the first 
embodiment; 

FIG. 6 is a cross-sectional view showing an inser- 
tion structure of the tube into the tank portions 
according to the first embodiment; 20 
FIG. 7A is a plan view showing a longitudinal end 
portion of the tube according to the first embodi- 
ment, FIG. 7B is a front view showing the longitudi- 
nal end portion of the tube according to the first 
embodiment, FIG. 7C is an enlarged partial view of 25 
FIG. 7B, FIG. 7D is an enlarged perspective view 
showing the longitudinal end portion of the tube 
according to the first embodiment, and FIG. 7E is a 
schematic view showing an insertion state of the 
longitudinal end portion of the tube into the tank 30 
portion according to the first embodiment; 
FIG. 8 is a sectional view showing a connection 
structure between the tube and the tank portions 
according to a modification of the first embodiment; 
FIG. 9 is a schematic view for explaining an apply- 35 
ing state of brazing material onto corrugated fins of 
the evaporator according to the first embodiment; 
FIG. 10 is an enlarged perspective view showing a 
disassemble state of partition plates and the tank 
portions according to the first embodiment; 40 
FIG. 1 1 is a perspective view showing a lip portion 
for the tank portions according to the first embodi- 
ment; 

FIG. 12 is a perspective view showing a pipe joint 
portion of the evaporator according to the first 45 
embodiment; 

FIG. 13 is a perspective view showing a lip portion 
to which the pipe joint portion is attached according 
to the first embodiment; 

FIG. 14A is a front view showing the pipe joint por- so 
tion according to the first embodiment, FIG. 14B is 
a cross-sectional view taken along line XIVB-XIVB 
in FIG. 14A, and FIG. 14C is a front view showing 
an intermediate plate member of the pipe joint por- 
tion according to the first embodiment; 55 
FIGS. 15A-15C are cross-sectional views showing 
communication holes according to the first embodi- 
ment; 



FIGS. 16A-16D are schematic sectional views 
showing a method forming the communication hole 
according to the first embodiment; 
FIG. 17 is a disassemble perspective view showing 
a throttle plate and the tank portions according to 
the first embodiment; 

FIG. 1 8 is a schematic perspective view showing a 
refrigerant flow passage of an evaporator according 
to a second preferred embodiment of the present 
invention; 

FIG. 1 9 is a schematic perspective view showing a 
conventional evaporator; and 
FIG. 20 is a schematic sectional view of the conven- 
tional evaporator in FIG. 1 9. 

DETAILED DESCRIPTION OF THE PRESENTLY PRE- 
FERRED EMBODIMENTS 

[0010] Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
accompanying drawings. 

[0011] A first preferred embodiment of the present 
invention will be described with reference to FIGS. 1-17. 
In the first embodiment, the present invention is typically 
applied to an evaporator 1 of a refrigerant cycle for a 
vehicle air conditioner. The evaporator 1 is disposed in 
a unit case of a vehicle air conditioner (not shown) to 
correspond to an arrangement in FIG. 1 in an up-down 
direction. When air is blown by a blower (not shown) and 
passes through the evaporator 1 in an air flowing direc- 
tion A in FIG. 1, heat exchange is performed between 
blown-air and refrigerant flowing through the evaporator 
1. 

[0012] The evaporator 1 has plural tubes 2 - 5 
through which refrigerant flows in a longitudinal direc- 
tion of the tubes 2-5. The tubes 2-5 are arranged in par- 
allel with each other in a width direction perpendicular to 
both of the air flowing direction A and the longitudinal 
direction of the tubes 2-5. Further, the tubes 2-5 are 
arranged in two rows disposed adjacent to each other in 
the air flowing direction A. That is, the tubes 2, 3 are 
arranged at a downstream air side, and the tubes 4, 5 
are arranged at an upstream air side of the tubes 2, 3. 
Each of the tubes 2-5 is a flat tube forming a refrigerant 
passage with a flat cross-section therein. The tubes 2, 3 
form a refrigerant passage of an inlet-side heat 
exchange portion X, and the tubes 4, 5 form a refriger- 
ant passage of an outlet-side heat exchange portion Y. 
In FIG. 1, the tubes 2 are disposed at a left side of the 
inlet-side heat exchange portion X, and the tubes 3 are 
disposed at a right side of the inlet-side heat exchange 
portion X. Similarly, the tubes 4 are disposed at a left 
side of the outlet-side heat exchange portion Y, and the 
tubes 5 are disposed at a right side of the outlet-side 
heat exchange portion Y. 

[0013] The evaporator 1 has a refrigerant inlet 6 for 
introducing refrigerant and a refrigerant outlet 7 for dis- 
charging refrigerant. Low-temperature and low-pres- 
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sure gas-liquid two-phase refrigerant decompressed by 
a thermal expansion valve (not shown) of the refrigerant 
cycle is introduced into the evaporator 1 through the 
inlet 6. The outlet 7 is connected to an inlet pipe of a 
compressor (not shown) of the refrigerant cycle so that 5 
gas refrigerant evaporated in the evaporator 1 is 
returned to the compressor through the outlet 7. In the 
first embodiment, the inlet 6 and the outlet 7 are dis- 
posed on an upper left end surface of the evaporator 1 . 
[0014] The evaporator 1 has an upper left inlet-side 10 
tank portion 8 disposed at an upper left inlet side, a 
lower inlet-side tank portion 9 disposed at a lower inlet 
side, an upper right inlet-side tank portion 1 0 disposed 
at an upper right inlet side, an upper right outlet-side 
tank portion 1 1 disposed in an upper right outlet side of 75 
the evaporator 1 , a lower outlet-side tank portion 1 2 dis- 
posed at a lower outlet-side, and an upper left outlet- 
side tank portion 13 disposed at an upper left outlet 
side. The inlet 6 communicates with the upper left inlet- 
side tank portion 8, and the outlet 7 communicates with 20 
the upper left outlet-side tank portion 13. Refrigerant is 
distributed from the tank portions 8-13 into the tubes 2- 
5 and is collected from the tubes 2-5 into the tank por- 
tions 8-13. The tank portions 8-13 are also arranged in 
two rows adjacent to each other in the air flowing direc- 25 
tion A, corresponding to the arrangement of the tubes 2- 
5. That is, the inlet-side tank portions 8-1 0 are disposed 
at the downstream air side of the outlet-side tank por- 
tions 11-13. 

[0015] The upper inlet-side tank portions 8, 10 are 30 
defined by a partition plate 14 disposed therebetween, 
and the upper outlet-side tank portions 11, 13 are 
defined by a partition plate 15 disposed therebetween. 
The lower inlet-side tank portion 9 and the lower outlet- 
side tank portion 12 are not partitioned, and extend 35 
along an entire width of the evaporator 1 in the width 
direction. 

[0016] In the inlet-side heat exchange portion X of 
the evaporator 1 , each upper end of the tubes 2 commu- 
nicates with the upper left inlet-side tank portion 8, and 40 
each lower end of the tubes 2 communicates with the 
lower inlet-side tank portion 9. Similarly, each upper end 
of the tubes 3 communicates with the upper right inlet- 
side tank portion 10, and each lower end of the tubes 3 
communicates with the lower inlet-side tank portion 9. In 45 
the outlet-side heat exchange portion Y of the evapora- 
tor 1 , each upper end of the tubes 4 communicates with 
the upper left outlet-side tank portion 13, and each 
lower end of the tubes 4 communicates with the lower 
outlet-side tank portion 12. Similarly, each upper end of so 
the tubes 5 communicates with the upper right outlet- 
side tank portion 1 1 and each lower end of the tubes 5 
communicates with the lower outlet-side tank portion 
12. 

[0017] A partition wall 16 is formed between the 55 
upper left inlet-side tank portion 8 and the upper left out- 
let-side tank portion 13, and between the upper right 
inlet-side tank portion 1 0 and the upper right outlet-side 



tank portion 1 1 . That is, the partition wall 16 extend in 
the entire width of the evaporator 1 in the width direc- 
tion. A partition wall 1 7 is also formed between the lower 
inlet-side tank portion 9 and the lower outlet-side tank 
portion 1 2 to extend in the entire width of the evaporator 
1 in the width direction. The partition walls 16, 17 are 
integrally formed with the tank portions 8-13, as 
described later. 

[001 8] In the first embodiment of the present inven- 
tion, a right-side portion of the partition wall 1 6 partition- 
ing the tank portions 10, 11 in FIG. 1 has plural 
communication holes 18 through which the tank por- 
tions 10, 11 communicate with each other. In the first 
embodiment, the communication holes 1 8 are formed to 
respectively correspond to the tubes 3, 5, so that refrig- 
erant is uniformly distributed into the tubes 5. That is, 
the number of the communication holes 18 is the same 
as the number of the tubes 3, 5 in each row. 
[0019] The communication holes 18 are simultane- 
ously stamped in the partition wall 16 made of a metal 
thin plate (e.g., aluminum thin plate) through pressing or 
the like. In the first embodiment, each of the communi- 
cation holes 18 is formed into a rectangular shape. 
Opening areas of the communication holes 18 and 
arrangement positions of the communication holes 1 8 
are determined so that most appropriate distribution of 
refrigerant flowing into the tubes 3, 5 is obtained. In FIG. 
1, the communication holes 18 are formed to have an 
uniform area. Therefore, the communication holes 18 
are readily formed. However, the opening areas of the 
communication holes 1 8 and the shapes thereof may be 
arbitrarily changed. 

[0020] Plural wave-shaped corrugated fins 19 are 
disposed between adjacent tubes 2-5, and are integrally 
connected to flat surfaces of the tubes 2-5. Further, plu- 
ral wave-shaped inner fins 20 are disposed inside each 
of the tubes 2-5. Each wave peak portion of the inner 
fins 20 is bonded to each inner surface of the tubes 2-5. 
Due to the inner fins 20, the tubes 2-5 are reinforced 
and a heat conduction area for refrigerant is increased, 
thereby improving cooling performance of the evapora- 
tor 1. 

[0021] FIG. 2 shows structure of the lower inlet-side 
tank portion 9 and the lower outlet-side tank portion 12 
at the lower part of the tubes 2-5. Within the lower inlet- 
side tank portion 9, first, second and third throttle plates 
51-53, which respectively have first, second and third 
throttle holes 51 a-53a therein, are disposed so that liq- 
uid-refrigerant distribution for the tubes 3, 4 can be 
freely set. The first throttle plate 51 is disposed in the 
lower inlet-side tank portion 9 at the boundary between 
a collection tank 9a for collecting refrigerant from the 
tubes 2 and a distribution tank 9b for distributing refrig- 
erant into the tubes 3. The second and third throttle 
plates 52, 53 are disposed to be spaced at predeter- 
mined intervals within the distribution tank 9b of the 
lower inlet-side tank portion 9. 

[0022] Similarly, within the lower outlet-side tank 
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portion 12, the first, second and third throttle plates 51- 
53 are also provided. The first throttle plate 51 is dis- 
posed at the boundary between a collection tank 1 2a for 
collecting refrigerant from the tubes 5 and a distribution 
tank 1 2b for distributing refrigerant into the tubes 4. The 5 
second and third throttle plates 52, 53 are disposed to 
be spaced at predetermined intervals within the distri- 
bution tank 12b of the lower outlet-side tank portion 12. 
[0023] Each of the first to third throttle holes 51a- 
53a can be punched in a metal sheet (e.g., aluminum 10 
plate or the like), which constitutes the throttle plates 
51-53, by pressing. Each of the first to third throttle 
holes 51 a-53a is formed into a circular shape as shown 
in FIG. 2. Opening areas of the first to third throttle holes 
51a-53a are set so that the most appropriate distribu- 75 
tion of refrigerant flowing into the tubes 3, 4 is obtained. 
In the first embodiment, the opening areas of the throttle 
holes 51a-53a are set to become smaller along toward 
a downstream side of a refrigerant flow. In the first 
embodiment, the number of the throttle plates 51-53 20 
and the shape of the throttle holes 51a-53a may be 
changed. The throttle plates 51-53 are integrally 
bonded to the tank portions 9, 12 by brazing, after being 
formed separately from the tank portions 9, 12, as 
described later. In the first embodiment, the evaporator 25 
1 is assembled by integrally connecting each of parts 
through brazing. 

[0024] Next, operation of the evaporator 1 accord- 
ing to the first embodiment of the present invention will 
be described. As shown in FIG. 1 , first, low-temperature 30 
and low-pressure gas-liquid two-phased refrigerant 
decompressed by the expansion valve (not shown) of 
the refrigerant cycle is introduced into the upper left 
inlet-side tank portion 8 from the inlet 6, and is distrib- 
uted into the tubes 2 to flow downwardly through the 35 
tubes 2 as shown by arrow "a". Then, refrigerant flows 
through the lower inlet-side tank portion 9 rightwardly as 
shown by arrow "b", and is distributed into the tubes 3 to 
flow upwardly through the tubes 3 as shown by arrow 
"c". Refrigerant flows into the upper right inlet-side tank 40 
portion 10, passes through the communication holes 18 
as shown by arrow "d°, and flows into the upper right 
outlet-side tank portion 11. Thus, refrigerant moves 
from the downstream air side to the upstream air side 
through the communication holes 18. Thereafter, refrig- 45 
erant is distributed into the tubes 5 from the upper right 
outlet-side tank portion 1 1 , flows downwardly through 
the tubes 5 as shown by arrow "e", and flows into a 
right-side portion of the lower outlet-side tank portion 
12. 50 
[0025] Further, refrigerant flows leftwardly as 
shown by arrow T through the lower outlet-side tank 
portion 12, is distributed into the tubes 4, and flow 
upwardly through the tubes 4 as shown by arrow "g". 
Thereafter, refrigerant is collected into the upper left 55 
outlet-side tank portion 13, flows leftwardly as shown by 
arrow "h" through the tank portion 13, and is discharged 
from the outlet 7 to the outside of the evaporator 1. 



[0026] On the other hand, air is blown in the air flow- 
ing direction A toward the evaporator 1 and passes 
through openings of the heat exchange portions X, Y of 
the evaporator 1. At this time, refrigerant flowing 
through the tubes 2-5 absorbs heat from air and is evap- 
orated. As a result, air passing through the evaporator 1 
is cooled, and is blown into a passenger compartment 
of the vehicle to cool the passenger compartment. 
[0027] According to the first embodiment, the inlet- 
side heat exchange portion X including a zigzag-routed 
inlet-side refrigerant passage indicated by arrows "a" - 
"c" in FIG. 1 is disposed oh the downstream air side of 
the outlet-side heat exchange portion Y including a zig- 
zag-routed outlet-side refrigerant passage indicated by 
arrows °e" - "h" in FIG. 1 . Therefore, the evaporator 1 
can effectively perform heat exchange with excellent 
heat conductivity. 

[0028] Further, the upper right inlet-side tank por- 
tion 1 0 and the upper right outlet-side tank portion 1 1 
disposed on the upstream air side of the tank portion 1 0 
directly communicate with each other through the com- 
munication holes 18 formed in the partition wall 16 dis- 
posed therebetween. Therefore, the inlet-side 
refrigerant passage of the evaporator 1 communicates 
with the outlet-side refrigerant passage of the evapora- 
tor 1 without any additional refrigerant passage such as 
a side passage. Thus, the structure of the evaporator 1 
is simplified and pressure loss of refrigerant flowing 
through the evaporator 1 is decreased. As a result, 
evaporation pressure and evaporation temperature of 
refrigerant in the evaporator 1 is decreased, thereby 
improving cooling performance of the evaporator 1. 
[0029] In the evaporator 1 , the refrigerant passages 
are provided, so that refrigerant from the refrigerant inlet 
6 passes through the heat exchange portion Y and is 
charged from the refrigerant outlet 7 after passing 
through all the heat exchange portion X. Therefore, the 
refrigerant inlet 6 and the refrigerant outlet 7 can be col- 
lectively located at one end side (e.g., left upper end 
side in FIG. 1) of the heat exchange portions X, Y in the 
width direction perpendicular to the air flowing direction 
A. Therefore, an outside pipe outside an air conditioner 
case (not shown) can be directly connected to the refrig- 
erant inlet 6 and the refrigerant outlet 7 by providing an 
opening in the air conditioner case at positions corre- 
sponding to the refrigerant inlet 6 and the refrigerant 
outlet 7. Thus, an assistant pipe for connection 
becomes unnecessary. 

[0030] In the evaporator 1 of the first embodiment, 
distribution of the refrigerant flowing through each of the 
tubes 2-5 is set as described later, for obtaining a uni- 
form temperature distribution of air blown out from the 
evaporator 1 . 

[0031] First, a refrigerant distribution within the 
tubes 2, 4 arranged to be overlapped in the air flowing 
direction A will be now described. When the refrigerant 
is distributed from the upper inlet-side tank portion 8 
into the tubes 2, much of the liquid refrigerant generally 
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readiiy flows into the tubes 2 proximate to the inlet 6 (the 
left side in FIG. 1) by gravity. On the other hand, the liq- 
uid refrigerant is difficult to flow into the tubes 2 at the 
side opposite the inlet 6. However, refrigerant before an 
heat exchange with air flows into the upper inlet-side 5 
tank portion 8. Therefore, a liquid refrigerant ratio 
becomes high, and a sufficient amount of liquid refriger- 
ant flows into the tubes 2 at the side opposite the inlet 6 
(i.e., the right side in FIG. 1). As a result, the distribution 
of the liquid refrigerant into the tubes 2 is relatively uni- 
form. 

[0032] On the other hand, a liquid refrigerant distri- 
bution within the tubes 4 located at the direct upstream 
air side of the tubes 2 is made approximately uniform by 
providing the throttle plates 51-53 having the throttle 
holes 51a-53a within the distribution tank 12b. 
[0033] When the throttle holes 51 a-53a are not pro- 
vided in the distribution tank 12b, liquid refrigerant 
mainly flows into the leftmost side of the distribution 
tank 12b by the inertial force of liquid refrigerant. There- 
fore, liquid refrigerant mainly flows into the left side of 
the tubes 4, and gas refrigerant mainly flows into the 
right side of the tubes 4, so that distribution of liquid 
refrigerant becomes ununiform in the tubes 4. However, 
according to the first embodiment of the present inven- 
tion, refrigerant flowing through the tank portion 12 in 
the direction as shown by the arrow T is speeded in 
flowing when passing through the first throttle hole 51a. 
At a position immediately after refrigerant passes 
through the first throttle hole 51a, the gas refrigerant 
and the liquid refrigerant are mixed, so that the mixed 
refrigerant flows into the tubes 4 provided at the portion 
immediately after the first throttle hole 51a. Liquid refrig- 
erant flowing from the throttle hole 51a to a further left 
side is restricted by the second throttle plate 52. There- 
fore, the amount of liquid refrigerant flowing into the 
tubes 4 at the portion just before the second throttle 
plate 52 is increased. 

[0034] At the portion immediately after the second 
throttle hole 52a, gas refrigerant and liquid refrigerant 
are mixed, so that the mixed gas-liquid refrigerant flows 
into the tubes 4 provided at the portion immediately 
after the second throttle hole 52a. Similarly, the amount 
of liquid refrigerant flowing into the tubes 4 at a portion 
just before the third throttle plate 53 is increased by 
restriction operation of the third throttle plate 53, and the 
gas-!iquid two-phase refrigerant flews into the tubes 4 
provided at a portion immediately after the third throttle 
hole 53a by the mixing operation of the third throttle 
plate 53. 

[0035] The distribution of liquid refrigerant can be 
set approximately uniformly by suitably setting the 
opening areas of the first to third throttle holes 51a-53a 
and the arrangement positions of the first to third throttle 
plates 51-53. Therefore, temperature distribution of air, 
passing through the tubes 2, 4 arranged at downstream 
and upstream air sides in the air flowing direction A, can 
be made uniform. On the other hand, by suitably setting 



the opening areas of the first to third throttle holes 51a- 
53a and the arrangement positions of the first to third 
throttle plates 51-53, it is possible to set the distribution 
of liquid refrigerant in the tubes 4 in accordance with the 
distribution of liquid refrigerant in the tubes 2, so that air 
blown from the overlapped tubes 2, 4 has a uniform 
temperature distribution. 

[0036] When air having temperature 27°C is blown 
into only a single refrigerant-outlet side heat exchange 
portion Y with the first to third throttle holes 51a-53a, 
temperature distribution of air blown out from the tubes 
4 at different positions is shown by the solid line in FIG. 
3. When air having temperature 27°C is blown into only 
the single refrigerant-outlet side heat exchange portion 
y without the throttle holes 51a-53a, temperature distri- 
bution of the air blown out from the tubes 4 at different 
positions is shown by the chain line in FIG. 3. As shown 
in FIG. 3, temperature distribution of blown-air is greatly 
improved to be made approximately uniform due to the 
throttle holes 51a-53a. 

[0037] Further, the whole area of the heat 
exchange portions X, Y is effectively used by uniformly 
distributing liquid refrigerant into the tubes 2-5, thereby 
improving heat-exchange efficiency. While the refriger- 
ant flows from the tubes 4 into the tank 1 3, gasification 
of the refrigerant can be just completed readily by uni- 
formly distributing liquid refrigerant into the tubes 4. 
[0038] Here, the first throttle plate 51 is disposed at 
the boundary between collection tank 9a for collecting 
refrigerant and the distribution tank 9b for distributing 
refrigerant. Further, the first throttle plate 51 is also dis- 
posed at the boundary between the collection tank 12a 
and the distribution tank 12b. In the first embodiment, 
the first throttle plate 51 can be disposed at a position 
proximate to the boundary. Even in this case, the same 
effect as that of the first embodiment can be obtained. 
[0039] Next, refrigerant distribution in the tubes 3, 5 
located at downstream and upstream sides in the air 
flowing direction A will be described. That is, the tubes 
3, 5 are overlapped in the air flowing direction A. The 
first to third throttle plates 51-53 having the throttle 
holes 51 a-53a are disposed in the distribution tank 9b to 
uniformly distribute liquid refrigerant in the tubes 3, sim- 
ilarly to the first to third throttle holes 51 a-53a provided 
in the distribution tank 12b described above. With the 
uniform distribution of the liquid refrigerant within the 
tubes 3, the refrigerant distribution within the tubes 5 
can be made uniform because the plural communica- 
tion holes 18 having the same opening areas are pro- 
vided at equal intervals in the width direction 
perpendicular to the air flowing direction A. Accordingly, 
it is possible to propose a uniform temperature distrib- 
ute of air blown from the overlapped tubes 3, 5. 
[0040] When the ununiform distribution of liquid 
refrigerant within the tubes 2 becomes larger, the distri- 
bution of liquid refrigerant within the tubes 4 is made 
opposite to that within the tubes 2 by suitably setting the 
opening areas of the first to third throttle holes 51 a-53a 
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in the distribution tank 12b and the arrangement posi- 
tions of the first to third throttle plates 51-53 therein. 
Therefore, even in this case, temperature distribution of 
air passing through the tubes 2, 4 can be made uniform. 
[0041] When an ununiform distribution of liquid 
refrigerant within the tubes 3 is caused, refrigerant dis- 
tribution within the tubes 5 is adjusted by suitably setting 
the opening area and the arrangement positions of the 
plural communication holes 1 8, so that the temperature 
distribution of air blown out from the tubes 3, 5 is made 
uniform. 

[0042] In the first embodiment of the present 
embodiment, refrigerant passages of the tubes 2 having 
a relatively larger ratio of liquid refrigerant at the side of 
the refrigerant inlet 6 and refrigerant passages of the 
tubes 4 have a relatively larger ratio of gas refrigerant at 
the side of the refrigerant outlet 7 are disposed in series 
in the air flowing direction A. Therefore, even if the flow 
amount of refrigerant is smaller, temperature distribu- 
tion of air blown out from the evaporator 1 can be made 
uniform. 

[0043] Further, according to the first embodiment of 
the present embodiment, the liquid-refrigerant distribu- 
tion in each of the tubes 2-5 can be individually adjusted 
by the throttle holes 51a-53a and the communication 
holes 18. Therefore, elaborate adjustment is not neces- 
sary by providing plural throttle holes at predetermined 
positions, while pressure loss within the refrigerant pas- 
sages is suppressed. 

[0044] Next, the structure of the evaporator 1 and a 
manufacturing method thereof according to the first 
embodiment will be described 

[0045] As shown in FIG. 4, the upper tank portions 
8, 10, 11, 13or the lower tank portions 9, 1 2 are formed 
by bending an aluminum thin plate. That is, the upper 
tank portions 8, 1 0, 1 1 , 1 3 and partition wall 1 6 are inte- 
grally formed by bending a single aluminum thin plate. A 
center folded portion of the aluminum thin plate forms 
the partition wall 16. Similarly, the lower tank portions 9, 
12 and the partition wall 17 are integrally formed by 
bending a single aluminum thin plate. The tank portions 
8-13 are applied with relatively large stress by refriger- 
ant pressure in comparison with the tubes 2-5. There- 
fore, for example, a thickness of the aluminum thin plate 
for forming the tank portions 8-13 is 0.6 mm so that the 
tank portions 8-13 have sufficient strength. 
[0046] Each aluminum thin plate for forming the 
tank portions 8-13 is a one-side clad aluminum plate, 
i.e., an aluminum core plate (A3000) clad with brazing 
material (A4000) on only one side surface thereof, for 
example. The one-side clad aluminum plate is disposed 
so that the surface clad with brazing material is dis- 
posed inside the tank portions 8-13 and the core plate is 
exposed outside. Sacrifice corrosion material (e.g., Al- 
1. 5wt%Zn) may be applied to an outer surface of the 
core plate so that the core plate is sandwiched between 
brazing material and sacrifice corrosion material. As a 
result, anti-corrosion performance of the one-side clad 



aluminum plate is improved. 

[0047] Referring to FIG. 5A, a single aluminum thin 
plate is bent so that an inner refrigerant passage 21 
having a flat-shaped cross section is formed in each of 

5 the tubes 2-5. The inner refrigerant passage 21 is parti- 
tioned into plural small passages by the inner fins 20. 
The inner surfaces of the tubes 2-5 and each of the 
wave peak portions of the inner fins 20 are bonded so 
that the plural small passages extending in the longitu- 

10 dinal direction of the tubes 2-5 are partitioned in the 
inner refrigerant passage 21 . 

[0048] As shown in FIG. 5B, the aluminum thin plate 
for forming the tubes 2-5 may be an aluminum bare 
plate, i.e., an aluminum core plate 22 (A3000) applied 

75 with sacrifice corrosion material 23 (e.g., AI-1.5wt%Zn) 
on one side surface thereof, for example. In this case, 
the aluminum bare plate is disposed so that the surface 
applied with the sacrifice corrosion material 23 is dis- 
posed outside the tubes 2-5. Since the tubes 2-5 are 

20 reinforced by the inner fins 20, thickness "t" of the alumi- 
num thin plate for forming the tubes 2-5 can be 
decreased to approximately 0.25-0.4 mm. Therefore, a 
height "h" of each of the tubes 2-5 can be decreased to 
approximately 1.75 mm in the width direction. The inner 

25 fins 20 are also made of an aluminum bare plate 
(A3000). 

[0049] As shown in FIG. 5C, brazing material 
(A4000) is applied to connection points on the tubes 2- 
5 and the inner fins 20, for connection between each of 

30 the tubes 2-5 and the inner fins 20. That is, before bend- 
ing an aluminum thin plate 24 for forming the tubes 2-5 
(hereinafter referred to as tube thin plate 24), paste 
brazing material 24a (A4000) is applied to an inner sur- 
face of both lateral end portions of the tube thin plate 24. 

35 Similarly, before attaching the inner fin 20 to an inner 
surface of each of the tubes 2-5, paste brazing material 
20a (A4000) is applied to each of the wave peak por- 
tions of the inner fin 20. Therefore, connection between 
the lateral end portions of the tube thin plate 24 and 

40 connection between the inner surface of the tube thin 
plate 24 and the inner fin 20 can be simultaneously per- 
formed when the evaporator 1 is integrally brazed. 
When the tube thin plate 24 is an one-side clad alumi- 
num plate clad with brazing material on one side sur- 

45 face thereof to be disposed inside the tubes 2-5, brazing 
material does not need to be applied to the tube thin 
plate 24. Further, each of the inner fins 20 may be made 
of a both-side clad aluminum plate clad with brazing 
material on both side surfaces thereof. In this case, 

so application of brazing material to the wave peak por- 
tions of the inner fin 20 is not needed. 
[0050] As shown in FIG. 6, in the first embodiment, 
each of end portions 25 of the tubes 2-5 in the longitudi- 
nal direction is connected to the tank portions 8-13 by 

55 inserting the end portions 25 into tube insertion holes 
26 formed in each flat surface of the tank portions 8-13. 
In order to facilitate insertion of the tubes 2-5 into the 
tank portions 8-13, each of the end portions 25 is 
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formed as shown in FIG. 7A. That is, as shown in FIGS. 
5A, 7A, each of the tubes 2-5 has an end enlarged por- 
tion 27 at which the lateral end portions of the tube thin 
plate 24 are connected with each other. As shown in 
FIG. 7A, the end enlarged portion 27 is cut off at both 
longitudinal ends of each of the tubes 2-5, thereby form- 
ing a recess portion 27a. That is, each end portion 25 of 
tubes 2-5 does not have the end enlarged portion 27. As 
a result, each of the longitudinal end portions 25 has a 
substantially oval cross-section. As shown in FIG. 7E, 
the recess portion 27a is used as a positioning stopper 
for each of the tubes 2-5 when the end portion 25 is 
inserted into the tube insertion hole 26. As a result, 
insertion of the tubes 2-5 into the tank portions 8-13 is 
facilitated. FIG. 7E shows only one of the downstream 
air side and the upstream air side of the tank portions 8- 
13 and the tubes 2-5 for brevity. 

[0051 ] Each tube insertion hole 26 is formed into an 
oval shape corresponding to a cross-sectional shape of 
each end portion 25 of the tubes 2-5. Each of the tube 
insertion hole 26 has a projecting portion 26a formed to 
project outside the tank portions 8-13 along a circumfer- 
ence of the tube insertion hole 26. As shown in FIG. 6, 
when each of the end portions 25 of the tubes 2-5 is 
inserted into the tube insertion holes 26, inner surfaces 
of the projecting portions 26a of the tank portions 8-13 
contacts each of the end portions 25. Therefore, the 
tank portions 8-13 and the tubes 2-5 can be connected 
with each other through brazing material applied on the 
inner surfaces of the tank portions 8-13. 
[0052] As shown in FIG. 8, the projecting portions 
26a may project inside the tank portions 8-13. In this 
case, brazing material may be applied to each of the 
end portions 25 of the tubes 2-5 before inserting the 
tubes 2-5 into the tank portions 8-13. Therefore, the 
tank portions 8-13 and the tubes 2-5 can be brazed with 
each other through brazing material applied onto each 
of the end portions 25. 

[0053] As shown in FIG. 9, the corrugated fin 19 
has well-known louvers 19a formed by cutting and 
standing slantingly a part of the corrugated fin 19. The 
corrugated fin 19 is made of an aluminum bare plate 
(A3000). Therefore, after brazing material 19b is 
applied to each of wave peak portions of the corrugated 
fin 19, the corrugated fin 1 9 is connected to the tubes 2- 
5 at the wave peak portions through the brazing mate- 
ria! 19b. 

[0054] As shown in FIG. 10, the partition plates 14, 
1 5 are integrally formed using a single plate member 27 
so that attachment of the partition plates 14, 15 to the 
tank portions 8, 10, 11 and 13 is facilitated. The plate 
member 27 forming the partition plates 14, 15 is made 
of a both-side clad aluminum plate, i.e., an aluminum 
core plate (A3000) clad with brazing material (A4000) 
on both side surfaces thereof, for example. 
[0055] The plate member 27 has a slit groove 27a 
engaged with the partition wall 16 disposed between 
the tank portion 8 and the tank portion 13 and between 



the tank portion 1 0 and the tank portion 1 1 . A slit groove 
28 into which the partition plate 14 is inserted is formed 
between the tank portion 8 and the tank portion 10, and 
a slit groove 29 into which the partition plate 15 is 

5 inserted is formed between the tank portion 1 1 and the 
tank portion 13. The partition plates 14, 15 are respec- 
tively inserted into the slit grooves 28, 29 while the slit 
groove 27a is engaged with the partition wall 16. There- 
fore, the partition plates 14, 15 are connected to the 

w tank portions 8, 10, 11 and 13 using brazing material 
applied on the both side surfaces of the plate member 
27 and brazing material applied on the inner surfaces of 
the tank portions 8, 10, 11 and 13. Thus, the tank por- 
tion 8 and the tank portion 10 are partitioned from each 

75 other, and the tank portion 11 and the tank portion 13 
are partitioned from each other. The partition plates 14, 
1 5 may be separately formed. 

[0056] FIG. 11 shows a lid portion 30 for the tank 
portions 8-13. As shown in FIG. 1 , the tank portions 8- 

20 13 have four longitudinal end openings, that is, upper- 
right end opening, upper-left end opening, lower-right 
end opening and lower-left end opening. The lid portion 
30 is attached to each of the three end openings, except 
for the upper-left end opening at which the inlet 6 and 

25 outlet 7 are provided. The lid portion 30 is formed into a 
bowl-like shape by pressing using an one-side clad alu- 
minum plate clad with brazing material on one side sur- 
face thereof. The surface clad with brazing material is 
set to an inner surface of the lid portion 30. The inner 

30 surface of the lid portion 30 is engaged with and con- 
nected to an outer surface of each of the three longitu- 
dinal end portions of the tank portions 8-13 through 
brazing material applied on the inner surface of the lid 
portion 30. Thus, the three longitudinal end openings of 

as the tank portions 8-13 except for the upper left end 
opening where the inlet 6 and the outlet 7 are formed, 
are closed. 

[0057] Next, a pipe joint portion of the evaporator 1 
will be described with reference to FIGS. 12-14C. The 

40 pipe joint portion is disposed at the upper-left end open- 
ing of the tank portions 8,13. As shown in FIG. 12, the 
pipe joint portion includes a lid portion 31 , an intermedi- 
ate plate member 32 and a joint cover 33. As shown in 
FIG. 1 3, the lid portion 31 is formed by pressing using a 

45 both-side clad aluminum plate clad with brazing mate- 
rial on both side surfaces thereof, and is connected to 
the upper-left end portion of the tank portions 8, 13. The 
lid portion 31 includes the inlet 6 communicating with 
the tank portion 8 and the outlet 7 communicating with 

so the tank portion 13. 

[0058] As shown in FIG. 1 4C, the intermediate plate 
member 32 has an inlet-side opening 32a communicat- 
ing with the inlet 6, an outlet-side opening 32b commu- 
nicating with the outlet 7 and a protruding portion 32c 

55 protruding from a position adjacent the inlet-side open- 
ing 32a obliquely. The intermediate plate member 32 is 
made of an aluminum bare plate (A3000) on which the 
brazing material is not clad. 
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[0059] The joint cover 33 is made of an one-side 
clad aluminum plate clad with brazing material on one 
side surface thereof. The joint cover 33 is connected to 
the intermediate plate member 32 so that the surface 
clad with brazing material of joint cover 33 faces the 
intermediate plate member 32. The joint cover 33 has a 
passage forming portion 33a, a connection opening 33b 
formed at an end of the passage forming portion 33a, 
and a cylindrical portion 33c. The passage forming por- 
tion 33a is formed into a semi-cylindrical shape, and 
covers the intermediate plate member 32 from the inlet- 
side opening 32a to a protruding end portion of the pro- 
truding portion 32c. The cylindrical portion 33c is 
formed to protrude from a surface of the joint cover 33, 
and communicates with the outlet-side opening 32b of 
the intermediate plate member 32. The connection 
opening 33b of the joint cover 33 is connected to an out- 
let of the expansion valve, and the cylindrical portion 
33c thereof is connected to an inlet of a gas refrigerant 
temperature detecting portion of the expansion valve. 
[0060] The pipe joint portion is formed by integrally 
brazing the lid portion 31, the intermediate plate mem- 
ber 32 and the joint cover 33. Accordingly, referring to 
FIGS. 13, 14A, even when a pipe pitch P2 between an 
inlet and an outlet of the expansion valve is smaller than 
a pipe pitch P1 between the inlet 6 and the outlet 7, dif- 
ference therebetween can be absorbed by the pipe joint 
portion. 

[0061 ] FIGS. 1 5A-1 5C show three examples of the 
communication hole 18. In FIGS. 15A-15C, the commu- 
nication hole 1 8 is formed in the partition wall 1 6 (i.e., a 
center folded portion) between the tank portions 10, 1 1 
to have a projecting portion along its circumference. 
[0062] A method of forming the communication hole 
18 will be described with reference to FIGS. 16A-146. 
First, as shown in FIG. 16A, a flue hole 34a with a pro- 
jecting portion and a stamped hole 34b without a pro- 
jecting portion are formed by pressing in an aluminum 
thin plate 34 forming the tank portions 8, 10, 1 1 and 13 
(hereinafter the aluminum thin plate 34 is referred to as 
tank thin plate 34). The stamped hole 34b has a suitable 
diameter so that the projecting portion of the flue hole 
34a can be inserted into the stamped hole 34b. Next, as 
shown in FIG. 1 6B, the tank thin plate 34 is bent to have 
a U-shape so that the flue hole 34a faces the stamped 
hole 34b. Then, as shown in FIG. 16C, the projecting 
portion of flue hole 34a is inserted into the stamped hole 
34b. Further, as shown in FIG 1 6D, an end portion of the 
projecting portion is bent toward an outer circumferen- 
tial side for clamping. As a result, the projecting portion 
of the flue hole 34a is restricted from releasing from the 
stamped hole 34b, and the communication hole 18 is 
formed. 

[0063] FIG. 17 shows an assembling structure of 
each throttle plate 51-53 into the tank portions 9, 12. As 
shown in FIG. 1 7, a slit groove 36 into which each of the 
throttle plates 51-53 is inserted is provided at an appro- 
priate position in the lower tank portions 9, 12. Each of 



the throttle plates 51-53 is formed by a both-side clad 
aluminum plate which is obtained by applying brazing 
material (A4000) on both side surfaces of an aluminum 
core plate (A3000). In this case, by inserting the throttle 

5 plates 51 -53 into predetermined slit grooves 36, respec- 
tively, the throttle plates 51-53 are bonded to the lower 
side tank portions 9, 12 using the brazing material on 
the throttle plates 51 -53 and the brazing material on the 
inner surface of the lower tank portions 9, 12. 

w [0064] According to the first embodiment of the 
present invention, the tank portions 8-13 and the tubes 
2-5 are formed separately, and then integrally con- 
nected with each other. Therefore, the thickness of the 
tank portions 8-13 can be increased so that the tank 

75 portions 8-13 are reinforced, while the thickness of the 
tubes 2-5 is sufficiently decreased so that minuteness 
between the tubes 2-5 and the corrugated fins 19 is 
improved. As a result, the evaporator 1 becomes com- 
pact and has a sufficient cooling performance. 

20 [0065] Further, the upper tank portions 8, 10, 11, 13 
are formed by bending a single aluminum thin plate, and 
the lower tank portions 9, 12 are formed by bending a 
single aluminum thin plate. Therefore, brazing material 
does not need to be applied on an outer surface of the 

25 aluminum thin plate for forming the tank portions 8-13, 
thereby improving anticorrosion performance of the 
tank portions 8-13. 

[0066] Similarly, brazing material also does not 
need to be applied on an outer surface of the tubes 2-5, 

30 thereby improving anticorrosion performance of the 
tubes 2-5. Further, since no brazing material is applied 
on the outer surface of the tubes 2-5, a surface treated 
layer of the tubes 2-5 is efficiently formed. As a result, 
water-draining performance on the evaporator 1 is 

35 improved, thereby restricting the evaporator 1 from gen- 
erating unpleasant smell. 

[0067] Further, the corrugated fins 19 are not 
applied with brazing material, either. Therefore, a sur- 
face treated layer of the corrugated fins 19 is also effi- 

40 ciently formed. As a result, water-draining performance 
on the evaporator 1 is improved, thereby restricting the 
evaporator 1 from generating unpleasant smell. 
[0068] A second preferred embodiment of the 
present invention will be described with reference to 

45 FIG. 18. In the second embodiment, components which 
are similar to those in the first embodiment are indicated 
with the same reference numerals, and the explanation 
thereof is omitted. In the above-described first embodi- 
ment, the inlet 6 and the outlet 7 are disposed at the 

so upper left side of the evaporator 1 . However, in the sec- 
ond embodiment, the refrigerant inlet 6 and the outlet 7 
are disposed at a lower left side of an evaporator 1 . 
Specifically, the refrigerant inlet 6 is provided to commu- 
nicate with the left-side part of the lower inlet-side tank 

55 portion 9, and the outlet 7 is provided to communicate 
with the left side part of the lower outlet-side tank por- 
tion 12. 

[0069] With the arrangement variation of the inlet 6 
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and the outlet 7, the throttle plates 1 4, 1 5 are disposed 
within the lower tank portions 9, 12, and the communi- 
cation holes 18 are also provided in the partition wall 17 
at the lower side. Further, in the second embodiment, a 
single throttle plate 51 having a throttle hole 51 a is dis- 5 
posed between the inlet 6 and the partition plate 14 
within the lower tank portion 9. 

[0070] According to the second embodiment of the 
present embodiment, refrigerant flowing from the inlet 6 
into the left part of the tank portion 9 is distributed into w 
the tubes 2, flows through the tubes 2 upwardly as 
shown by an arrow "m", and flows into the upper tank 
portion 8. Refrigerant in the upper tank portion 8 further 
flows into the uppertank portion 10. Thereafter, refriger- 
ant in the upper tank portion 1 0 is distributed into the is 
tubes 3, flows through the tubes 3 downwardly as 
shown by an arrow "n", and flows into the right part of 
the lower tank portion 9. Then, refrigerant flowing into 
the right part of the lower tank portion 9 passes through 
the communication holes 18, and flows into the right 20 
part of the lower tank portion 12. That is, refrigerant 
moves from the inlet-side heat exchange portion X to 
the outlet-side heat exchange portion Y through the 
communication holes 18. 

[0071] Next, refrigerant is distributed from right part 25 
of the lower tank portion 12 into the tubes 5, flows 
through the tubes 5 upwardly as shown by an arrow "o", 
and flows into the upper tank portion 11. Thereafter, 
refrigerant flows from the upper tank portion 1 1 into the 
uppertank portion 13. Then, refrigerant is distributed 30 
from the upper tank portion 13 into the tubes 4, and 
flows through the tubes 4 downwardly as shown by an 
arrow "p". Further, refrigerant is collected within the left 
part of the lower tank portion 12 from the tubes 4, and 
flows to an outside of the evaporator 1 from the outlet 7. 35 
[0072] While refrigerant is distributed from the 
upper tank portion 13 into the tube 4, much of liquid 
refrigerant flows into the right side in FIG. 18 of the 
tubes 4 by gravity, and distribution of liquid refrigerant 
becomes nonuniform. In the second embodiment, the 40 
distribution of liquid refrigerant flowing through the 
tubes 2 is adjusted by the throttle hole 51 a of the throttle 
plate 51 so that the distribution of liquid refrigerant 
within the tubes 2 disposed at the downstream air side 
of the tubes 4 is made opposite to that within the tube 4. 45 
Therefore, the temperature distribution of air passing 
through the overlapped tubes 4, 2 in the air flowing 
direction A is made uniform. 

[0073] On the other hand, while refrigerant is dis- 
tributed from the uppertank portion 1 0 into the tubes 3, 50 
much of liquid refrigerant flows into left side in FIG. 1 8 of 
the tubes 3 by gravity, and distribution of liquid refriger- 
ant becomes nonuniform in the tubes 3. In the second 
embodiment, the distribution of liquid refrigerant within 
the tubes 5 is adjusted by suitably setting the opening 55 
areas and the arrangement positions of the plural com- 
munication holes 18. Therefore, the temperature distri- 
bution of air passing through the overlapped tubes 5, 3 



in the air flowing direction A is made uniform. 
[0074] Although the present invention has been 
fully described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications will become apparent to those skilled in 
the art. 

[0075] For example, in the above-described first 
embodiment, the three throttle holes 51a-53a are pro- 
vided within each of the inlet-side tank portion 9 and the 
outlet-side tank portion 12. However, one or more throt- 
tle holes may be provided in accordance with a request 
of the refrigerant distribution. Further, the throttle holes 
5la-53a may be made elliptical, rectangular or in the 
like. In the above-described first embodiment, throttle 
plates 51-53 having the throttle holes 51a-53a are pro- 
vided in the tank portions 9, 12. However, a throttle may 
be formed in the tank portions by thinning the tank por- 
tions, for example. Further, at least one throttle is throt- 
tled to have a throttle area equal to or lower than 80% of 
a tank sectional area of the tank portions. 
[0076] In the above-described embodiments, the 
present invention is applied to a refrigerant evaporator 
completely vertically disposed. However, the present 
invention may be applied to an inclined evaporator. 
[0077] In the above-described first embodiment, 
both the tank portions 10, 11 communicate with each 
other through the communication holes 1 8 provided in 
the partition wall 1 6. However, both the tank portions 10, 
1 1 may communicate with each other through a refriger- 
ant side-passage provided at the side (the right side in 
FIG. 1) of the evaporator 1 , instead of the communica- 
tion holes 1 8. 

[0078] In the above-described embodiments, the 
inlet-side heat exchange portion X may be disposed at 
an upstream air side of the outlet-side heat exchange 
portion Y in the air flowing direction. Further, the 
present invention can be applied to a refrigerant evapo- 
rator wherein the heat exchange portions X, Y are dis- 
posed in three or more rows in the air flowing direction 
A. 

[0079] Such changes and modifications are to be 
understood as being within the scope of the present 
invention as defined by the appended claims. 

Claims 

1. An evaporator (1) for performing heat exchange 
between refrigerant flowing therethrough and out- 
side fluid flowing outside the evaporator, the evapo- 
rator comprising: 

a plurality of tubes (2-5) through which refriger- 
ant flows, said tubes being arranged in parallel 
with each other in a width direction perpendic- 
ular to a flow direction (A) of the outside fluid, 
and being arranged in plural rows in the flow 
direction of the outside fluid; and 
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a plurality of tanks (8-10) for distributing refrig- 
erant into said tubes and for collecting refriger- 
ant from said tubes, said tanks being disposed 
at both upper and lower ends of each tube to 
have upper tank portions (8, 10, 11, 13) and 5 
lower tank portions (9, 12), and being arranged 
to correspond to said tubes in the plural rows in 
the flow direction of the outside fluid, wherein: 
said tanks have an inlet (6) through which 
refrigerant is introduced, and an outlet (7) 10 
through which refrigerant having passed 
through said tanks and said tubes is dis- 
charged; 

said inlet and said outlet are provided at differ- 
ent-row tanks in the flow direction of the out- 15 
side fluid in such a manner that refrigerant 
introduced from said inlet passes all refrigerant 
passages provided in one row where said inlet 
is positioned, passes through all refrigerant 
passages at adjacent row in order, and flows 20 
into said refrigerant outlet; and 
said lower tank portions has therein a throttle 
(51a-53a) at which a refrigerant passage area 
is reduced. 

25 

2. The evaporator according to claim 1 , wherein: 

said tubes and said tanks are arranged in two 
rows in the flow direction of outside fluid; and 
said tubes and said tanks define plural 30 
upstream refrigerant passages and plural 
downstream refrigerant passages relative to 
the flow direction of the outside fluid, through 
which refrigerant flows in a direction approxi- 
mately perpendicular to the flow direction of the 35 
outside fluid in such a manner that flow direc- 
tions of refrigerant flowing through upstream 
and downstream refrigerant passages 
arranged in the flow direction of the outside 
fluid are opposite from each other. 40 

3. The evaporator according to claim 1, wherein said 
upper tank portions have therein a throttle (51a- 
53a) at which a refrigerant passage area is 
reduced. 45 

4. The evaporator according to claim 1, wherein both 
said inlet and said outlet are disposed at the same 
side ends of said tanks in the width direction and in 

the up-down direction. 50 

5. The evaporator according to claim 1, further com- 
prising: 

a first partition wall (1 6-1 7) for partitioning adja- 55 
cent tanks adjacent to each other in the flow 
direction of the outside fluid, 
wherein said partition wall has plural communi- 



cation holes (18) through which adjacent tanks 
adjacent to each other in the flow direction of 
the outside fluid communicate with each other, 
said communication holes being arranged in 
the width direction. 

6. The evaporator according to claim 5, further com- 
prising 

a second partition wail (14, 15) for partitioning 
said upper tank portions into first and second 
tank portions, respectively, in the width direc- 
tion, wherein: 

said inlet and said outlet are provided at said 
first tank portions; and 

said communication holes are provided in said 
first partition wall at positions corresponding to 
tubes connected to said second tank portions. 

7. The evaporator according to claim 6, wherein said 
throttle is provided at least in a distribution portion 
of said lower tank portions, for distributing refriger- 
ant into said tubes. 

8. The evaporator according to ctaim 6, wherein the 
number of communication holes is equal to that of 
tubes in one row connected to said second tank 
portions. 

9. The evaporator according to claim 5, further com- 
prising 

a second partition wall (14, 15) for partitioning 
said lower tank portions into first and second 
tank portions, respectively, in the width direc- 
tion, wherein: 

said inlet and said outlet are provided at said 
first tank portions; and 

said communication holes are provided in said 
first partition wall at positions corresponding to 
tubes connected to said second tank portions. 

10. The evaporator according to claim 9, wherein said 
throttle is provided within a first tank portion at 
which said inlet is provided. 

11. The evaporator according to claim 9, wherein the 
number of communication holes is equal to that of 
tubes in one row connected to said second tank 
portions. 

12. The evaporator according to any one of claims 1- 
11, wherein said throttle includes plural throttle 
plates having throttle holes. 

13. The evaporator according to claim 1, wherein: 

said lower tank portions defines a collection 



BNSDCCID: <EP 1 065453A2_I_> 



21 



EP 1 065 453 A2 



22 



portion to which refrigerant flowing downwardly 
is collected, and a distribution portion from 
which refrigerant is distributed upwardly; 
said throttle includes plural throttle plates hav- 
ing throttle holes; and 5 
said throttle plates are disposed at predeter- 
mined positions in the width direction, from a 
boundary between said collection portion and 
said distribution portion in the width direction, 
into said distribution portion. 10 

1 4. The evaporator according to any one of claims 1-11 
and 13, wherein said tubes and said tanks are inte- 
grally connected to each other after being sepa- 
rately formed. is 

15. An evaporator (1) for performing heat exchange 
between refrigerant flowing therethrough and out- 
side fluid flowing outside the evaporator, the evapo- 
rator comprising: 20 

a plurality of upstream tubes (2, 3) through 
which refrigerant flows in a longitudinal direc- 
tion of each upstream tube, said upstream 
tubes being arranged parallel to each other in a 25 
line in a width direction perpendicular to both of 
a flow direction of the outside fluid and the lon- 
gitudinal direction of said upstream tubes, 
a plurality of downstream tubes (4, 5) through 
which refrigerant flows in the longitudinal direc- 30 
tion, said downstream tubes being arranged 
parallel to each other in a line in the width direc- 
tion at a downstream side of said upstream 
tubes in the flow direction of the outside fluid; 
an upstream tank (8-10) for distributing refrig- 35 
erant into said upstream tubes and for collect- 
ing refrigerant from said upstream tubes, said 
upstream tank being connected to both longitu- 
dinal ends of each upstream tube; 
a downstream tank (11-13) for distributing 40 
refrigerant into said downstream tubes and for 
collecting refrigerant from said downstream 
tubes, said downstream tank being connected 
to both longitudinal ends of each downstream 
tube; and 45 
a throttle (51a-53a) disposed within at least 
one of said upstream tank and said down- 
stream tank, for reducing a refrigerant passage 
area, wherein: 

any one of said upstream tank and said down- 50 
stream tank has an inlet for introducing refriger- 
ant at a side end in the width direction, and the 
other one of said upstream tank and said 
downstream tank has an outlet for discharging 
refrigerant at a side end in the width direction; 55 
in both said upstream and downstream tubes 
relative to the flow direction of the outside fluid, 
flow directions of refrigerant are opposite to 



each other; 

said upstream tank and said downstream tank 
define a collection portion (9a, 12a) to which 
refrigerant from said tubes is collected, and a 
distribution portion (9b, 1 2b) from which refrig- 
erant is distributed into said tubes; and 
said throttle is disposed at least in said distribu- 
tion portions. 

16. The evaporator according to claim 15, wherein: 

said throttle includes plural throttle plates (51- 
53) having throttle holes; and 
said throttle plates are disposed at predeter- 
mined positions, from a boundary between said 
collection portion and said distribution portion 
in the width direction, toward a downstream 
refrigerant side. 

17. The evaporator according to claim 15, further com- 
prising: 

a first partition wall (16, 17) extending in the 
width direction, for defining said upstream tank 
and said downstream tank; and 
a second partition wall (14, 15) for partitioning 
said upstream and downstream tanks into a 
first tank portion and a second tank portion, 
respectively, in the width direction, wherein: 
said inlet and said outlet are provided in said 
first tank portion at the same side in the width 
direction and in the longitudinal direction of 
said tubes; and 

said first partition wall has communication 
holes (18) provided at positions corresponding 
to tubes connected to said second tank portion. 

18. The evaporator according to claim 17, wherein the 
number of said communication holes is equal to 
that of said tubes in one row, connected to said sec- 
ond tank portion. 

19. The evaporator according to any one of claims 15- 
18, wherein said inlet is provided at said down- 
stream tank, and said outlet is provided at said 
upstream tank. 
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